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Stati c and dynamic pedobarographic measures
show pressures under the foot during standing and walking. After evaluating literature about pedobarography, it was found that pedobarography has been used mainly for the evaluation of foot deformities like pes cavus, pes planus, pes cavovarus, and hallux valgus [1] [2] [3] [4] and for surgical decision making in these pathologies for demonstrating postoperative results 5, 6 ; for prescribing the right orthoses for foot and ankle 7 ; and for evaluation and follow-up of peripheral neuropathy, 8 diabetic foot, musculoskeletal diseases of the ankle, 9 calcaneal fractures, plantar fasciitis, and heel spurs. 10 No study was found in literature about the use of static and dynamic pedobarography in patients with knee osteoarthritis (OA).
In patients with knee OA, disturbances of weightbearing, walking pattern, and balance occur. The causes of these disturbances are secondary to deformities in the osteoarthritic knee, pain, 11, 12 decrease in quadriceps muscle strength, 13 limited range of motion, and proprioceptive impairment. 14 These impairments may lead to changes in the foot pressures of patients with knee OA. We aimed to show these changes using pedobarography so that we could determine if pedobarography can be a useful tool to show problems in weightbearing and foot pressures in knee OA. We sought to obtain, at the end of our study, pedobarographic results specific for knee OA that was not studied before.
OA of the knee may impair knee proprioception and postural stability. 11, 14 This impairment, together with the chronic knee pain 15 and quadriceps weakness, results in disturbance of balance during standing and walking. 13 Therefore, in our study, we planned to show this balance disturbance.
The aims of this study were to evaluate static and dynamic pedobarographic findings and balance measures in patients with knee OA. These findings can be used in planning treatment and rehabilitation. Repeat pedobarographic measurements can be another way of demonstrating results of treatment in patients with knee OA.
DESIGN
A total of 48 patients with knee OA referred to the Marmara University Faculty of Medicine Physical Medicine and Rehabilitation outpatient clinic during the period of February 2003 through April 2004 and 30 controls without knee pain and knee OA were included in this study. The control group consisted of healthy subjects and patients who had diagnoses of fibromyalgia syndrome, chronic neck pain, and subacromial impingement syndrome (Tables 1 and 2). The study was approved by the ethical committee of Marmara University Faculty of Medicine.
Static, dynamic pedobarographic measures and sway measures for balance were obtained from all patients with knee OA and from controls.
The pedobarography device was a PDM-S System, with a foot pressure platform of 320 ϫ 470 mm, and Foot Print printing program connected to this platform designed by IVS-Solutions AG company (Zebris, Medizinintechnic, Germany).
For the static pedobarography test, the patient was asked to stand barefoot on the platform. The force platform had 1-4 independent pressure-measuring cells per square centimeter. 8 After the patient stood on the platform for 10 secs, the pressure under both feet was recorded as the percentage of the pressure on the forefoot and hindfoot (Fig. 1) .
In the dynamic pedobarographic test, the patient walked on the same platform, stepping with the examined foot once on the platform; and the pressure map of the foot was obtained. Both feet were examined. In this map, the peak pressures of the forefoot, midfoot, and hindfoot of both right and left feet were measured (Fig. 2) .
For the balance test, the patient was asked to stand on the platform for 30 secs with the feet placed 5 cm from each other. The length and width of the ellipse formed as the patient swayed anteroposteriorly (vertically) and mediolaterally (hori- zontally) from the center of pressure (COP) was recorded as COP sway length and COP sway width, respectively, in millimeters (Fig. 3 ).
The pedobarographic results were compared between the patients with knee OA and the controls.
Pain intensity of the group with knee OA was evaluated using the Visual Analog Scale. Correlation analysis was performed between the Visual Analog Scale scores and pedobarographic results of the OA patient group and also between Visual Analog Scale scores and grade of knee OA.
The statistical evaluation of the study was performed using the SPSS 11.5 statistical program (SPSS, Chicago, IL) with independent samples t test, 2 test, and correlation analysis.
RESULTS
The mean ages of patients with knee OA and controls were 62.1 Ϯ 8.6 and 58.3 Ϯ 7.5 yrs, and the mean weights were 75.8 Ϯ 13.4 and 70.2 Ϯ 16 kg, respectively. Women constituted 88% of the OA group and 93% of the controls. The groups were similar in age, body weight, and distribution of sex (P Ͼ 0.05) ( Table 3 ). The distribution of OA grade in patients according to Kellgren-Lawrence radiologic criteria were 22.9% grade 1 (n ϭ 11), 45.8% grade 2 (n ϭ 22), 20.8% grade 3 (n ϭ 10), and 10.4% grade 4 (n ϭ 5). All patients had bilateral OA and pain in both knees, but seven patients (14.5%) complained of more severe pain in the right knee, and six patients (12.5%) complained of more pain in the left knee.
Static and dynamic pedobarographic test results showed differences in peak foot pressures between the patient group and controls. There was a statistically significant difference in sway width in the balance test between the groups. In the OA group:
1. The percentage of right hindfoot pressure during standing was lower than in the control group (P ϭ 0.038). 2. The peak pressure of the right forefoot during walking was lower than in the control group (P ϭ 0.049). 3. The sway width from center of pressure obtained by the balance test was higher than in the control group (P ϭ 0.004).
The other variables, such as sway length, percentage of pressure of other parts of the foot, and other peak pressures, were not statistically different (P Ͼ 0.05) ( Table 4) .
Mean duration of knee pain was 7.3 Ϯ 7 yrs in the OA group. Resting pain mean score measured by the Visual Analog Scale was 6.1 Ϯ 2.3. This was negatively correlated with peak pressures of both right and left hindfeet during walking (r ϭ Ϫ0.327, P Ͻ 0.05, and r ϭ Ϫ0.355, P Ͻ 0.05, respectively), indicating that patients had more knee pain put less pressure on the hindfeet during walking.
Knee OA grade was positively correlated with sway length (r ϭ 0.286, P Ͻ 0.05) and with sway width (r ϭ 0.313, P Ͻ 0.05), indicating that as OA grade increases, the patient has a greater balance problem.
DISCUSSION
According to pedobarographic results, patients with knee OA put less pressure on the hindfoot during standing, which can be explained as a way to decrease pain. In dynamic pedobarography during walking, patients tend to exert less pressure on the forefoot. This may be a means to decrease painful loading at the end of stance phase. The lower hindfoot peak pressures seen in OA patients with higher pain levels during walking support this notion. OA and control groups were similar in age, body weight, and sex in our study. None of the patients or controls had any other lower limb impairment, metabolic disease that may cause balance disorder, or neurologic balance problem. This ensured that all pedobarographic and balance test findings were related to knee OA.
We were not able to find any other study about static and dynamic pedobarography in patients with knee OA. Tsvetkova et al. 17 examined the pedobarographic results of patients with coxarthrosis and found that the group with coxarthrosis had shorter stance phase and lower hindfoot pressure. This result was parallel to the result in our study.
Studies using dynamic pedobarography divide the foot into different parts. 18 -20 Metaxiotis et al. 19 evaluated the foot in seven parts in pedobarography when evaluating cavovarus deformity, and Toth et al. 10 evaluated the plantar foot surface in four parts when studying calcaneal fractures. Hee et al. 3 evaluated pes planus by dividing the foot into forefoot, midfoot, and hindfoot. However, our study was not concerning a specific foot problem. We aimed to evaluate the changes in pressure under the foot that occur because of knee pain, deformity, and proprioceptive impairment; therefore, we thought that evaluating the foot in three parts was sufficient.
We used only peak pressure measures of dynamic pedobarography in our study. This showed us which part of the foot was under maximum pressure during walking. There are some studies using pressure-time integral, force-time integral, 7 gait line (line of center of pressure), and contact area measures, 19 but these variables were found irrelevant for our study.
COP sway width, which is a measure of balance disturbance, was found to be higher in patients with knee OA (P Ͻ 0.05), increasing as the grade of OA increased (P Ͻ 0.05). This indicates a significant balance disturbance in patients with knee OA that worsens with severe OA.
Knee OA impairs proprioception in the knee. There are some studies that assess the balance disorder in knee OA. Two different platforms, foam or firm, were used in a study to evaluate the relationship of neuromuscular and anatomic variables. 11 The sway lengths and widths measured on the thick foam platform were correlated with the grade of knee OA (P Ͻ 0.05), which is a parallel finding to our study, but our study was performed on a firm and fixed force platform.
It is presumed that decreased quadriceps muscle strength and decreased joint proprioception leads to balance disorder in patients with chronic pain. 13, 14 The degeneration in the joint decreases quadriceps motor neurone excitability, which decreases voluntary quadriceps contraction, thus contributing to quadriceps weakness, and diminishes proprioceptive acuity. The sensorimotor quadriceps dysfunction and decreased postural stability were thought to be associated with the reduced functional performance of the patients. There were more patients who were unable to stand on both feet for 7 secs in the OA group (P Ͻ 0.05), showing that patients with knee OA had less postural stability compared with normal controls. Quadriceps weakness, decreased proprioceptive acuity, and decreased postural stability in patients 
FIGURE 3 Balance test results.
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Pedobarography in Knee Osteoarthritis with knee OA led to a disturbance in balance and in subjective and objective performance. Decreased postural stability was also associated with proprioceptive input from the joints, muscles, and cutaneous mechanoreceptors of lower limbs and with the visual field and vestibular apparatus, self-trust of the patient, and fear of falling. 20 Pain in the osteoarthritic knee can also cause balance disorder. The muscles near the knee that are effective in obtaining postural control and timing of motor responses can be inhibited because of pain, and therefore, pain can lead to an increase in COP sway and balance disorder. 15 Messier et al. 13 evaluated balance and lower limb strength for Ͼ30 mos in patients Ͼ65 yrs old. At the end of 30 mos, they found a decrease and disorder in both balance and muscle strength (P Ͻ 0.05). They stated that the muscle strength of the knee and ankle was correlated with better balance. Mean sway length of COP in healthy adults was two thirds of foot length. Seventy-eight percent of OA patients showed more sway length than these limits.
Hinman et al. 12 claim that evaluation of dynamic balance is more important because falls and balance disorder occur during walking and activities linked with motion. In their stairs test, in which the patient climbs up and down stairs several times in 15 secs, poor dynamic balance is observed in the OA group compared with controls (P Ͻ 0.05).
CONCLUSION
Pedobarography can be considered a useful method to evaluate the loading patterns of the foot and disturbance of balance in patients with knee OA. OA, osteoarthritis; R, right foot; L, left foot; -fore, percentage of right/left forefoot; -hind, percentage of right/left hindfoot; -pforewalking, peak pressure of right/left forefoot during walking; -pmidwalking, peak pressure of right/left midfoot during walking; -phindwalking, peak pressure of right/left hindfoot during walking; COP, center of pressure.
